The flexibility of the Multi-Link (ML) PENTA stent with platform 0.09 to 0.12-mmthick struts and 12% to 16% metal/artery coverage was improved to facilitate safe delivery in complex coronary lesions. The present study was designed to evaluate the clinical (9-month) and angiographic (6-month) results of the ML PENTA stent in complex coronary lesions (modified American College of Cardiology/American Heart Association lesion type B2 or C) and to determine independent factors correlated with target lesion revascularization. The study population consisted of 86 consecutive patients who had undergone successful coronary ML PENTA stent implantation for coronary artery disease from May 2003 to July 2004 in our hospital. During the follow-up period, cardiac events were documented in 21 (24.4%) of the 86 patients. Target lesion revascularization was required in 16 (18.6%) of the 86 patients. Single logistic regression analysis showed that target lesion revascularization was significantly correlated with lesion length > 2.0 cm, residual percent diameter stenosis after the procedure > 20%, and multiple stents. Multiple logistic regression analysis showed that residual percent diameter stenosis after procedure > 20% (P = 0.0125, odds ratio = 11.585) was the significant explanatory factor of target lesion revascularization. The results of the present study suggest that 9-month clinical and 6-month angiographic outcomes in patients with coronary artery disease treated using the ML PENTA stent were excellent and target lesion revascularization after coronary ML PENTA stent implantation was influenced by residual percent diameter stenosis after the procedure. (Int Heart J 2005; 46: 997-1006) Key words: Multi-Link PENTA stent, Target lesion revascularization, Residual percent diameter stenosis THE flexibility of the Multi-Link (ML) PENTA stent (Guidant, Santa Clara, California) with platform 0.09 to 0.12-mm-thick struts and 12% to 16% metal/ artery coverage, which is a recently developed stent, has been improved to facilitate safe delivery in complex coronary lesions and the stent maintains sidebranch access with the possibility to expand the cell toward the side branch up to From the
4 mm in diameter. 1, 2) The present study was designed to evaluate the clinical (9-month) and angiographic (6-month) results of the ML PENTA stent in complex coronary lesions (modified American College of Cardiology/American Heart Association (ACC/AHA) lesion type B2 or C) 3, 4) and to determine independent factors correlated with target lesion revascularization.
METHODS
Design and patient population: This was a prospective, single center, nonrandomized study to evaluate the safety and efficacy of the ML PENTA stent, and to determine independent factors correlated with target lesion revascularization. The study population consisted of 86 consecutive patients who had undergone successful coronary ML PENTA stent implantation for coronary artery disease from May 2003 to July 2004. All patients enrolled provided written informed consent, and the study protocol was based on the regulations of the hospital's ethics committee.
Study patients had symptomatic ischemic heart disease attributable to a stenotic lesion. Patients with multivessel disease were permitted, however, only 1 lesion could be treated in the present study. The clinical characteristics, which included age, gender, coronary risk factors (hypertension, hypercholesterolemia, diabetes mellitus, smoking), indications for angioplasty, site of angioplasty, and drug treatment given after coronary stenting (nitrates, nicorandil, calcium antagonists, angiotensin-converting enzyme inhibitors, angiotensin-II receptor blockers, beta-blockers, antiplatelet agents, oral antidiabetics, and statins), are shown in Table I . Patients were defined as hypertensive if diastolic blood pressure was at least 90 mmHg and/or systolic blood pressure was at least 140 mmHg, or if they were taking antihypertensive medication. Patients whose serum total cholesterol concentration was at least 220 mg/dL or who were taking antihypercholesterolemic medication were defined as having hypercholesterolemia. Patients whose fasting glucose concentration was at least 126 mg/dL and/or hemoglobin A1c at least 6.5% before drug or dietary treatment for at least 1 year prior to the present study or who were taking antidiabetic medication were defined as diabetic. Because a 75 g-oral glucose tolerance test was not performed in all patients, diabetes mellitus was only diagnosed based on the fasting glucose concentration and hemoglobin A1c level. Fifty-six (65%) patients had hypertension, 38 (44%) hypercholesterolemia, 46 (54%) non-insulin-dependent diabetes mellitus, and 37 (43%) were smokers. Plasma concentrations of total cholesterol and triglycerides in the 38 hypercholesterolemic patients were 215 ± 42 mg/dL and 148 ± 61 mg/ dL, respectively. The mean fasting glucose concentration and hemoglobin A1c
Vol 46 No 6 level in the 46 diabetic patients were 151 ± 40 mg/dL and 7.1 ± 1.3%, respectively (Table I) . Coronary stenting and quantitative coronary angiography: The angiographi characteristics of the subjects are summarized in Table II . Conventional balloon angioplasty was the only procedure carried out in all patients before stent implantation. Balloon or stent size and pressure were at the operator's discretion. Multiple stents were deployed if necessary to cover the full extent of the target lesion or dissection if it occurred. Procedural success was defined as the successful deployment of the stent and a residual stenosis less than 30% on quantitative coronary angiography. After stent implantation, adjunctive postdilation was performed using a high pressure balloon to achieve a residual stenosis less than 30%. All patients received intravenous heparin (100 IU/kg) during the procedure and antiplatelet therapy (aspirin 100 mg/day, and ticlopidine 200 mg/day or cilostazol 200 mg/day) for at least 3 months after the procedure. Quantitative coronary angiography was performed using a SIEMENS DCI-ACA imaging system. The contrast-filled guiding catheter was used as a reference. Intracoronary isosorbide dinitrate (3 mg) was administered before all angiographic assessments. The diameters of the normal segments proximal and distal to the treated area were averaged to determine the reference diameter. The minimum lumen diameter and the percentage of diameter stenosis after coronary stenting were calculated by singleplane, worst-view angulation. Lesions requiring coronary stenting were characterized according to the modified ACC/AHA characteristics.
3,4)
Clinical and angiographic follow-up: All patients underwent follow-up coronary angiography. Target lesion revascularization was indicated by the presence of clinical or functional ischemia and more than 75% diameter stenosis or a restenosed lesion more than 90% in the absence of documented ischemia. Angiographic restenosis was defined as the incidence of percent diameter stenosis > 50% at follow-up angiography. Clinical follow-up data were obtained from either hospital records or by telephone contact with the patient or referring physician. Cardiac events were defined as cardiac death, myocardial infarction, coronary artery bypass graft surgery, repeat coronary angioplasty of the target lesion, and nonstented lesions. In-hospital events were included in the analysis of follow-up events.
Statistical analysis: All data are expressed as the mean ± SD. The difference in mean values between the 2 groups was compared using an unpaired t test. The incidences in the 2 groups were compared using the chi-square test. To determine independent explanatory factors correlated with target lesion revascularization and cardiac events, SPSS Advanced Statistics 10.0 package for Macintosh (SPSS Japan, Inc.) was used. Multiple logistic regression analysis was indicated after confirmation of several statistically significant factors by single logistic regression analysis, and the odds ratio with a 95% confidence interval was calculated. Coronary risk factors (presence or absence), ACC/AHA lesion type (B2 or C), lesion length (≤ 20 mm or > 20 mm), percent diameter stenosis (≤ 20% or > 20%), reference diameter (< 3.0 mm or ≥ 3.0 mm), stent number (single or multiple), high pressure balloon use (used or not), and drug treatment (drug(s) taken after coronary stenting or not) were included as factors in the multiple logistic regression analysis. A P value less than 0.05 was considered significant. Tables I and II show the clinical and angiographic characteristics, respectively, of the patients, while Table III presents the cardiac events observed during the follow-up period. Two (2.3%) of the 86 patients developed acute myocardial Table IV shows a comparison of the patient groups with and without target lesion revascularization. The target lesion revascularization group had a greater prevalence of lesion length > 2.0 cm (P = 0.041), percent diameter steno- sis > 20% (P = 0.001), and multiple stents (P = 0.038) compared to the no target lesion revascularization group. Single logistic regression analysis showed that target lesion revascularization was significantly correlated with lesion length > 2.0 cm, percent diameter stenosis > 20%, and multiple stents, but not with coro- nary risk factors, indications for angioplasty, ACC/AHA lesion type C, high pressure balloon use, or drug treatment after coronary stenting. Multiple logistic regression analysis revealed that percent diameter stenosis > 20% (P = 0.0125, odds ratio = 11.585) was the significant explanatory factor of target lesion revascularization (Table V) . Case presentation: A 68-year-old female was admitted to our hospital with angina pectoris. She was undergoing hemodialysis due to diabetic nephropathy that had developed 7 years earlier. A coronary angiogram showed severe stenosis in the left circumflex artery, and the stenotic lesion exhibited excessive tortuosity with thrombus ( Figure 1A ). We performed catheter intervention using a 6 French Judkins type guiding catheter. After balloon dilatation, we succeeded in deploying the ML PENTA stent (3.5 × 23 mm) ( Figure 1B , C). After 6 months, followup angiography showed no restenosis ( Figure 1D ). Good flexibility and conformability of the ML PENTA stent were observed in this case.
RESULTS

DISCUSSION
The results of the present study suggest that 9-month clinical and 6-month angiographic outcomes in patients with coronary artery disease treated by the ML PENTA stent were excellent, with a low target lesion revascularization rate, and target lesion revascularization after coronary ML PENTA stent implantation was influenced by residual percent diameter stenosis.
Clinical and angiographic outcomes after coronary ML PENTA stent implantation:
The flexibility of the ML PENTA stent platform with variable strut thicknesses (0.09-0.12 mm) and a modified link pattern was improved to facilitate safe delivery and conformability in complex coronary lesions and maintain side-branch access with the possibility to expand the cell toward the side branch up to 4 mm in diameter. 1, 2) The DELIVER trial using the ML PENTA stent reported good clinical and angiographic results; target vessel failure (death, Q-wave or non-Qwave myocardial infarction, target lesion revascularization) was 14.5% at 9 months and stent binary restenosis was 20.6% at 8 months. 1) In the present study, although 46 (54%) patients had diabetes mellitus and the ACC/AHA lesion characteristics of the stented lesion were all B2 or C, the rate of target lesion revascularization was 18.6% and the rate of cardiac events was 24.4% at 9 months. We previously reported on the angiographic restenosis rates of the Palmaz-Schatz (PS) stent (Cordis Corporation, Miami, Florida) and ACS ML stent (Guidant Corporation, Santa Clara, California).
5) The angiographic restenosis rates for ACC/AHA lesion type A or B1 were significantly lower than those of lesion type B2 or C for both the PS and ML stents. That is, the angiographic restenosis rates for ACC/AHA lesion type A or B1 were 8.3% in both the PS and ML stents, and Vol 46 No 6 35.7% for the PS stent and 39.3% for the ML stent for ACC/AHA lesion type B2 or C. These findings, as well as those of previous studies, suggest that clinical and angiographic outcomes in patients with coronary artery disease treated with successful coronary ML PENTA stent implantation are favorable. Predictive factors of target lesion revascularization: Multiple stents, small vessel (< 3.0 mm), lesion length, coronary risk factors, and stented segment length have been reported to be predictive factors of major adverse cardiac events after coronary stenting. [6] [7] [8] [9] [10] However, in the present study, lesion length and small vessel were not identified as predictors of target lesion revascularization. Thus, based on the results of the present study, the ML PENTA stent may be superior with respect to long lesions or small vessels.
In the present study, residual percent diameter stenosis after stenting was found to be an independent predictive factor of target lesion revascularization. We previously reported a similar finding, 11) and other studies have also shown that a small minimum lumen diameter or a small percent diameter stenosis after the procedure are predictive factors of major adverse cardiac events after coronary stenting. 12, 13) Therefore, since the final result (residual diameter stenosis) after coronary stenting should be one of the most important factors for target lesion revascularization, interventional cardiologists should achieve the optimal final diameter stenosis (≤ 20%) after stenting in order to avoid target lesion revascularization. In the present study, we achieved a final diameter stenosis of ≤ 20% in 79 (91.9%) of the 86 patients. This is most likely one of the reasons for the excellent clinical and angiographic results. Strategies for complex coronary lesions : We previously reported that ACC/AHA lesion type was identified as an independent predictor of cardiac events after coronary stent implantation. 5, 11) Recently, favorable results with drug-eluting stents for the treatment of de novo coronary lesions, including complex coronary lesions, have been reported. 14) Drug-eluting stents should be improved in the future to reduce in-stent restenosis, however, it is often difficult to cross the Sirolimus-coated Bx-Velocity stent (Cypher; Cordis, Johnson & Johnson) through an extremely angulated segment or tortuous lesion. The ML PENTA stent may be very useful for stenting tortuous or angulated lesions that are difficult to cross for the Sirolimus-coated Bx-Velocity stent. Study limitations: The present study has several limitations. The results from the 86 consecutive patients (acute myocardial infarction in 24 patients, unstable angina in 18 patients, and stable angina in 44 patients) strongly suggest the need for a larger patient population. Our study did not include a comparison group of patients treated with standard balloon angioplasty without stenting or a different type of stent. Further studies using a larger patient population are therefore needed to evaluate the safety and efficacy of the ML PENTA stent in complex coronary lesions and to determine independent factors correlated with target lesion revascularization.
